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Relatively little has been done to elucidate the mechanisms of intermediary
metabolism in molluscs despite their recognized medical and economic importance

(von Brand, 1952). A knowledge of such mechanisms would seem to be an es-

sential preliminary to any rational investigation of these forms as parasite vectors or

any logical attempt toward their control. In addition, comparative information

concerning metabolically important reactions in different animals is a valuable aid

to our understanding of the patterns of animal metabolism in general.

As part of an over-all study of snail physiology and biochemistry various aspects
of the functioning of the midgut gland (hepatopancreas) of certain fresh water snails

have been investigated. During one phase of this program a study was made of the

mechanisms thought to be responsible for the presence of the reasonably large

amount of pigment normally found in this gland in the fresh water operculate snail,

Ceratoides cornvarietis (Linne, 1758). The deposition of melanin pigments in

various tissues is a characteristic activity in many organisms, but the function, if

any, of such pigments is frequently obscure. Since the pigmentation is the normal

result of metabolism in the liver of the snail and since it has been suggested that the

oxidative components of the series of chemical transformations resulting in melanin

formation may be linked to the electron transfer systems of certain aerobic dehy-

drogenases (Baldwin, 1952) it was felt that a study of the function of snail liver

must include some references to these reactions. The present report deals with

some of the characteristics of the polyphenol oxidases in snail liver and their

probable connection with melanin formation.

METHODS

The fresh water snail, Ceratoides cornvarietis, used in the present study was

initially obtained from a stream near Rio Piedras, Puerto Rico. The animals used

in the present study were raised in this laboratory from the original stock. This

snail is not a vector for any known medically important parasite, but was chosen for

the initial studies in snail physiology because of its large size, abundance, hardiness

in the laboratory, and, importantly, because of the fact that in this snail, by careful

dissection, the gonads could be fairly well separated from the midgut gland. It was

expected that the results obtained and techniques developed in the study of this

snail would allow a more effective approach to the later study of more medically

1 This study was supported (in part) by a research contract with the Office of the Surgeon
General, U. S. Army and (in part) by a grant, No. E-374, from the National Institutes of

Health, Public Health Service.
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important forms. The snails were kept in the laboratory in constantly aerated

pond and well water aquaria. They were not starved (Baldwin, 1938) before

experimental use as no significant improvement in the consistency of results was
obtained in this manner.

The assays for enzyme activity were carried out on cell-free homogenates ( Potter

and Elvehjem, 1936) prepared in cold, glass-distilled water from tissue samples

carefully dissected from large mature snails. The use of varying salinities as

suspending media failed to significantly alter the results. In the preliminary ex-

periments the tissues were segregated according to the sex of the animal, but when
no fundamental differences were observed this procedure was abandoned. The

homogenates were uniformly centrifuged at low speed (600 X g) to remove the

major part of the heavy inert pigment before being diluted to a final 5% concentra-

tion. This dilution effectively prevented any oxygen consumption by endogenous
metabolism. All of the foregoing procedures were carried out at 4 C. and the

reaction flasks were kept thoroughly chilled until placed in the water bath. The
reaction mixtures were assayed in Warburg flasks in an atmosphere of air at 25 C.

TABLE I

Per cent dry weight, total nitrogen, and the ether-soluble fraction of snail liver

%dry wt.
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TABLE II

Influence of enzyme concentration, substrate concentration (catechol), and pH on the activity of

poly phenol oxidase activity in snail liver homogenates. All but the experimental substances were at

optimum concentration

Enzyme concentration
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In the frozen or lyophilized state it was stable up to six months. In this regard

the enzyme resembles the tyrosinase of earlier workers (Lardy, 1949).

However, the enzyme system in snail liver was observed to seemingly possess

a generic specificity for polyhydric phenols (Table III). Negligible activity \vas
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FIGURE 1. Two-dimensional composite chromatogram of the liver from C. cornvarietis

extracted for free amino acids. Broken lines indicate relatively low concentration. 1 aspartic
acid

;
2 glutamic acid

;
3 serine ; 4 glycine ; 5 alanine ; 6 lysine ;

7 arginine ;
8 citrulline

and/or glutamine ; 9 /3-alanine ; 10 unidentified polypeptid ; 11 proline ;
12 unidentified;

13 valine; 14 methionine and leucine
;

15 threonine
;

16 unidentified trace.
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occasionally obtained on p-cresol, phenol, tyrosine, or guaiacol substrates whereas

catechol, adrenaline, and, to an even greater extent, pyrogallol provided relatively

excellent substrates for the system. From these data it appears that the enzyme
which oxidizes the polyhydric phenols in snail liver is not identical with that re-

ported for certain plant tissues (Nelson and Dawson, 1944). The enzyme de-

scribed by these earlier workers (tyrosinase) was active against both polyhydric

phenols and monohydric phenols, although the activity against the latter was usually

somewhat unstable. It would seem that the enzyme described herein more closely

approximates the catecholase studied by Graubard (1939) which also attacks only

polyphenols. However, in this regard it should be remarked that the activity of

tyrosinase against catechol has been reported as being ca. 124 times that against

tyrosine (Kubowitz, 1938). Therefore, it was considered possible that the amount

of tissue used in the major part of the present study was insufficient to demonstrate

the action against tyrosine and other monophenols, especially since the maximum

polyphenol oxidase activity measured was considerably less than that demonstrable

on potato and mushroom preparations. In testing this, however, no combination

TABLE IV

Survey of polyphenol oxidase (catecholase} activity in snail

tissues. Reaction mixture as in Table III
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enzymes, transaminase, and the amino acid oxidases) were not similarly affected

(current unpublished results).

Further evidence of an association of the polyphenol oxidase activity with pig-

mentation was given as the result of enzyme studies on other tissues of the snail

(Table IV). Both the mantle and the foot, in order, showed some activity but far

less than that described above for the liver. It was interesting to note that the

level of activity in the three tissues corresponded roughly to the degree of pigmenta-
tion, the foot in this snail being relatively free of coloration.

Acknowledgment is made to Dr. Harold Harry, U. S. Army Tropical Research

Medical Laboratory, San Juan, Puerto Rico, for the initial collecting of the snails

used in this study.

SUMMARY

A study -syas made on the polyphenol oxidase activity of snail tissues. The liver

showed higher activity than either the mantle or foot
; however, even in this organ

only polyhydric phenols were effectively oxidized. No consistent activity on mono-

phenol substrates was found. The possible association of the polyphenol oxidase

system to the heavy pigmentations in the liver was discussed.
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